Most food contains protein, fat, carbohydrate, and water, which form a food's microstructure. Processing methods, however, change the microscopic structure of the food material. This has a strong influence on final product properties, such as rheology, glass transition, moisture sorption, and so on. In this work, plain yogurt was selected as a model food to analyze microscopic structural changes after processing using different drying methods: air, vacuum, freeze, and microwave vacuum drying. Structural changes were analyzed using a scanning electron microscope and an X-ray diffraction pattern. Dried yogurt exhibits an amorphous type molecular structure in all four types of drying methods adopted. In addition, FTIR analysis showed no quantitative difference in their composition by adopting different drying methods. The moisture sorption characteristics of the dried yogurt were also studied. Sorption data were fitted into a GAB-model equation with a high correlation coefficient of 0.99.
INTRODUCTION
Today, microstructure analysis of food is the most needed meathod for Food engineering process to formulate new food products and to preserve original nutrients with or without minimal loss. Food processing in macroscopic level was succeeded via adopting many unit operations to process food in good quality. The majority of the elements present in the food was subjected to micro level changes during processing at the macroscopic level. Understanding the micro level changes inside the food at each stage of processing is important to maintain the original quality. Physical, textural, rheological, and sensory properties changes occurr at the micro level-below 100 microns. It shows that new food formulations should started at micro level then move to the final food properties. [1, 2, 3] Processing methods, like drying, homogenization, crystallization, powder production, gelatinization of starch, etc., change the microscopic structure of the food material. Microstructure of food and their changes during processing, largely affect the transport properties like diffusivity. Other changes are properties like rheology, glass transition, stickiness, dispersibility, hygroscopicity, textural properties, and moisture sorption of final processed
MATERIALS AND METHODS

Raw Material
Commercially available plain yogurt was used for this study. Plain yogurt (Astro brand, Canada) with 3% milk fat was purchased from super market. Moisture content of the yogurt was measured using vacuum oven method before drying. [8] Drying Methods Air-drying (AD). The air-drying method was conducted using laboratory scale drying unit, which was equipped with heating and ventilation system. About 300 g of plain yogurt was spread evenly in a stainless steel tray and placed inside the drying chamber. Initial thickness of the yogurt bed was kept at 2-2.5 cm. Drying was carried out at 70 o C and the air velocity was set at a constant value of 1m/s. All the drying parameters were kept constant throughout the drying process. Temperature of the product was measured using thermocouples at regular interval of 1 hour during drying. Drying was continued until the yogurt sample reached less than 1-2% (w.b) moisture. The dried samples were cooled in a desiccator with silica gel.
Vacuum oven-drying (VD). About 300 g of plain yogurt was spread evenly in a stain steel tray and placed inside a vacuum oven (Sheldon manufacturing Inc., model 1430, USA) at 70 o C and 3.33 kPa for 16 hours. Here also the thickness was kept as 2-2.5cm. Temperature was measured using thermocouples at regular intervals. The dried samples were cooled in a desiccator with silica gel. The final moisture content of the dried gel was found about 1-2% on wet basis.
Freeze drying (FD). About 300 g of yogurt sample was spread uniformly in a stainless steel tray to get 2-2.5 cm thickness and frozen. The pre frozen yogurt was dried in a laboratory freeze dryer (Labconco; 6 liters capacity purge value and mini chamber type, USA) for 120 hours under the vacuum of 0.04 kPa. The condenser temperature of the freeze dryer was −50 o C. During drying, the plated temperature reached to room temperature (20-22 o C) and the drying was done at this temperature. The final moisture content was found less than 2% on wet basis.
Microwave vacuum drying (MVD). This method of drying was conducted at 1100 watts microwave power in a vacuum microwave dehydrator (Model 1.8, EnWave Corporation, Vancouver, Canada). About 300 g of plain yogurt was poured in a cylindrical drum having a 15cm diameter opening centered on one end of the cylinder, to allow sample loading and vapor escape. The drum was 26.5-cm diameter and 25-cm long and made of microwave transparent polyethylene. The drum was placed on motor-driven horizontal metal rollers within the microwave vacuum chamber. The rotation speed of the drum was adjusted to 5-10 rpm. The absolute pressure during the process was 3.3 kPa. After attained this vacuum, microwave power of 700 watts was supplied to the sample to assist the drying process. Drying was continued until the sample reached less than 1-2% (w.b) moisture content. The final product temperature was measured as 45-50 o C.
Morphology Analysis of Dried Yogurt Using Scanning Electron Microscopic Analysis (SEM)
Difference in drying methods of the final products at micro level can be found using a scanning electron microscope. This helps to identify the best processing method for desired structural properties. SEM micrographs of the dried plain yogurt were obtained, using Hitachi S4700 Field emission SEM (Japan). The dried samples from each drying process were placed in an air-tight desiccator, which contained silica gel to remove moisture completely. Complete removal of moisture was confirmed by measuring the sample weight periodically, until they attained a constant weight. The dried yogurt was previously fixed on an iron stub and then made electrically conductive by coating in a vacuum chamber with a thin layer of gold for 40 s. The pictures were taken at an excitation voltage of 20 kv at different magnifications varying from 350 to 6000 and working distance varying from 14.4-16.9 mm.
X-Ray Diffraction Analysis
Drying of sugar rich products, undergo structural changes of sugar from crystalline to amorphous. This gives difference in final products in terms of particle size, physico-chemical properties, chemical stability, water solubility, and hygroscopisity. This kind of structural difference could be studied by X-ray diffraction methods. X-ray diffraction patterns of dried yogurt were obtained at room temperature using a Rigaku Multiflex powder diffractometer (CuKα radiation generator) operated at a voltage of 40 kV. Powdered, dried yogurt samples were analyzed at two theta angl, range of 10-30. The process parameters were set as: scan step size of 0.02 (20) and scan step time of 0.05 s.
FTIR Spectroscopy Analysis
Quantitative and qualitative analysis of dried product was made possible using FTIR (Fourier Transform Infrared) spectroscopy. Measurement of fat, total solid and protein present in the milk by FTIR technique is widely adopted in dairy industries. [9, 10] FTIR spectra 472 JAYA of dried yogurt samples were obtained, using a FTIR spectrometer (Perkin Elmer 2000 Infrared Spectrophotometer). Dried yogurt were previously ground and mixed thoroughly with potassium bromide at 1:5 (sample: KBr) ratio, respectively. The transparent KBr discs were prepared by compressing the powders, under the force of 2.8-3 MPa for 3-5 min in a hydraulic press. Fifty scans of the yogurt-KBr pellets were obtained at a resolution of 2 cm −1 from 4000-400 cm −1 wave number in FTIR spectroscopy.
Moisture Sorption Analysis
Moisture sorption isotherm of biological materials was described by many mathematical models with two or more model parameters. [11] Models having more than three parameters are complicated to solve and interpret. The Guggenheim-Anderson-De Boer (GAB) equation is the most successful three-parameter model, and includes the parameters with physical meaning. GAB model is recognized as the most versatile model for sorption of food and bio based materials. It is mathematically expressed as [12] :
where X (db) is the equilibrium moisture content (g water. 100 g dry solid −1 ); M 0 (db) is the monolayer water content (g water. 100 g dry solid −1 ); a w (fraction) is the water activity; C is the Guggenheim constant and K is the constant correcting properties of the multilayer molecules with respect to the bulk liquid. The major advantages of the GAB model are: viable theoretical background, since it is a further refinement of the Langmuir and BET theories of physical adsorption and good description of sorption behavior of almost all foods at water activity ranges from zero to 0.9. [13] If K = 1 in the GAB equation, it reduces to the BET equation (if K > 1, the sorption isotherm will become infinite at a value of a w less than unity, which is physically unsound). Even though, both BET and GAB isotherm models are closely related, by postulating that the states of water molecules in the second and higher layers are of equal magnitude but different from that in the liquid state. It has been found that GAB parameters are more representative than the corresponding BET parameters. [14] Therefore, the GAB model was adopted in the present work.
About 3 g of dried gel samples from each drying methods were kept in previously weighed aluminum pans separately. Saturated salt solutions were used to provide constant relative humidity (a w ) environments ranging from 26-68% at 20-22 o C. Relative humidity data of these saturated salt solutions were obtained from the literatures. [15, 16, 17] Sample holding pans were kept in the desiccator over saturated salt solutions of known relative humidity until each pan attained constant weight. Moisture content at this relative humidity (a w ) was measured using vacuum oven method and it was called as equilibrium moisture content (EMC). [8] Corresponding water activity and the EMC data were used for plotting sorption isotherm of dried yogurt samples obtained from different drying methods. GAB model was used to fit the sorption data of the dried yogurt.
RESULTS AND DISCUSSION
Morphology of Dried Yogurt Using Scanning Electron Microscopic Analysis (SEM)
Initial moisture content of the yogurt sample was 86.4% on wet basis, which was an average of three replicates. Scanned pictures of air, freeze, vacuum and microwave vacuum dried yogurt are shown in Figure 1a ,b,c,d, respectively. Fat globules present in the dried yogurt are appeared as small holes. Freeze-drying affects hydrogen bonds involved in binding the surface layer of protein to the cell wall of yogurt bacteria. Therefore, there is structural collapse in freeze-dried yogurt compared to other drying method ( Figure 1a ). The heat stability of majority of the thermophilic lactobacilli is due to the presence of additional bonds, which provide greater stability to the secondary and tertiary structure of the proteins. These bonds include disulphide linkages, hydrogen bonds, ionized group interactions and hydrophobic bonds. [19] Affect on stability of hydrophobic bonds cause more hygroscopic nature of the freeze dried yogurt. Freeze dried samples consisted of denser protein network, which is difficult to breakdown and it has completely different structure than other types of drying. Spherical particles are formed by compact association of protein in microwave vacuum dried yogurt (Figure 1d ) unlike other types. In general, yogurt sample composed of three-dimensional networks of protein chains and aggregation of casein micelles. This type of structure was maintained partially in the microwave vacuum dried yogurt with fewer chains and more clusters. It forms the protein particles aggregated and linked as chains in microwave vacuum drying method. [18] Normally, aggregation of the proteins occurs when heat processing is combined with agitation, which was happened actually in microwave vacuum drying. This chain network gives firmness to the finished product. In case of air ( Figure 1c ) and vacuum ( Figure 1b ) drying clusters of protein particles appeared not chain type. It also shows macroscopic granular appearance of protein than its aggregation. In these two drying methods, chain type of casein micelle structure was changed in to coarsely clustered structure. Therefore the results show that overall microstructure of yogurt was maintained in the microwave vacuum dried sample compared to other drying methods.
X-Ray Diffraction Analysis
XRD diffraction pattern was obtained for air-, freeze-, vacuum-,and microwavedried yogurt samples and presented in Figure 2 . The XRD technique is one of the methods to confirm the crystallization of lactose sugar present in the dried yogurt. Dried yogurt obtained from all four drying method shows totally amorphous, which is similar to the result given for freeze dried skim milk powder and lactose by Jouppila et al. [20] Crystalline nature of the XRD pattern is expected to come from lactose sugar. However, yogurt sample before drying contains amorphous nature of lactose sugar. In general concentration of lactose sugar occurs during drying and results in saturation of lactose and influences the crystals formation. It always happens above 50 o C of drying temperature. In the case of freeze and microwave vacuum drying, the temperature of the yogurt was less than 50 o C. Therefore, these two drying methods did not show any crystallization peaks in the dried samples. In air and vacuum drying, the temperature was more than 50 o C. However, here also no crystallization peaks in the XRD graph. It shows that fermentation of lactose sugar during yogurt preparation may be the major reason for its amorphous nature. In addition, protein molecules present in yogurt affect the crystallization. Concentration of milk, which results in saturation of lactose and formation of nuclei for sugar crystallization, is 
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JAYA also can be considered as a reason for amorphous nature of the dried yogurt. Glass transition temperature of lactose is higher than the drying temperature used for producing dried yogurt in all four types of drying. This also may be one of the reasons for amorphous nature of the dried yogurt. In this work, X-ray diffraction analysis of dried products was not actually showing the molecular structural difference by adopting different drying methods. Therefore, it is concluded that the XRD pattern does not infers the drying method. However, this may also be product dependent. Figure 3 shows the FTIR spectroscopy analysis of dried yogurt samples obtained from air, freeze, vacuum and microwave vacuum drying methods. Bands located around 3000 to 2800 cm −1 is called fatty acid region. In general, IR spectral peaks at 2856 and 2926 cm −1 are asymmetric vibrations of C-H bond of methyl group of cholesterol structure. It makes the stretching mode of vibration of CH 2 and CH 3 groups of fatty acid present in the yogurt samples. All the yogurt samples dried using air, freeze, vacuum, and microwave vacuum drying showed the peaks at these regions. The band around 1740 cm −1 is centered on a region where protein and peptide bands dominate, and it can be associated with the C = O stretch of an ester or carboxylic acid function. This appears same for all different drying methods and says that there were no changes in protein. The regions between 1690 and 1235 cm −1 is a mixed region containing vibration bands of fatty acids, proteins, and polysaccharides. Signal for protein between 1535-1570 cm −1 are from amide II and between 1620 and 1690 cm -1 are from amide I vibration. [21] The amide I band represents primarily the C = O stretching vibrations of the amide groups coupled to the in-plane N-H bending and C-N stretching modes. Mixed region of the FTIR spectra obtained from air, freeze and vacuum drying shows close to each other. Only the absorption intensity varies, which is due to the variation in KBr-yogurt pellet making. Even though the microwave vacuum drying spectra show the peaks but it is different from other three drying methods. Under the magnetic field, the amino acids and fat present in the yogurt, may be undergone to the polarity changes, and influenced the differences. The emergence of the peak at around 1575 cm −1 is due to the lactate anion. The region located at 1150-1000 cm −1 is dominated by polysaccharide peaks. This location appears differently for different drying methods adopted, which shows that polysaccharides present in the yogurt sample was affected more by different drying methods. Even though the FTIR spectra obtained from different drying methods show little difference, but they all have same peak positions for fat and protein. FTIR analysis shows that the drying methods not had any detrimental effect on the peak positions of dried yogurt. In addition, there were no quantitative changes by adopting different drying methods. Only the polysaccharides are changed that needs to study more.
FTIR Spectroscopy Analysis
Moisture Sorption Analysis
The sorption isotherms of plain yogurt dried using air, freeze, vacuum and microwave vacuum drying are presented in Figure 4 . It shows that it followed type III moisture sorption isotherm in which over a wide range of relative humidity, the product exhibits low water absorption. Foods rich in soluble components have been found to show this type of isotherm. At low a w , water can only be adsorbed at the surface sites. As the a w increases the dissolution of soluble components takes place and increasing the moisture content. Once the bulk moisture point has been reached, the product rapidly absorbs large amounts of water vapor, causing it to deliquesce leading to the steep rise in the second portion of the curve corresponding to the formation of hydrates. It shows that vacuum dried sample had the highest and the microwave vacuum dried had the lowest moisture content at higher water activity level (0.9). Air and freeze dried yogurt samples had moisture close to each other. Figure 4 also shows the experimental sorption data and GAB model data for all four drying methods. For all, the GAB model fitted the data well with correlation coefficients of 0.99, which shows good fit between the experimental data points and the GAB model. The GAB model was found most accurate up to water activity 0.9. It is now well accepted that GAB is one of the most accurate models for predicting isotherm of foods. [22, 23] The parameters obtained by fitting the GAB model are given in Table 1 . The value of monolayer moisture content (M 0 ) indicates the amount of moisture content that is strongly absorbed by polar specific sites. It is often considered as the optimum storage value at which the system is most stable. The monolayer moisture (M o ) of the food materials falls between 4-11 on dry basis percentages. [24] Plain yogurt dried in all four methods falls in this range (Table 1) . During vacuum drying the yogurt sample was expanded under the vacuum. This may increase the polar sites and there by considerably had high sorption capacity, which was then, gave high monolayer moisture content (M o ). The value of K indicates the strength and interaction of the molecules in the multilayer with binding energies between that of water in the monolayer and that of liquid water. When K equals to 1, the multilayer has the properties of liquid water. According to Chirife et al. [25] a value of K > 1.0 is physically unsound. Most foods have values of K found between 0.74 and 0.893. According to Lewicki. [26] sigmoid shape of the sorption isotherm occurs when the GAB parameters fall in the range 0.24 < K < 1 and 5.67 ≤ C ≤ ∞. [22] But the isotherms obtained for dried yogurt were not sigmoid shape. This may give the value of K more than unity. The dried yogurt samples were rich in sugars. For similar kind of products, Kim and Bhowmik [27] have reported K values of 0.943-1.102. Also many literatures presented the value of K more than unity. [22] Using different optimization and regression techniques to solve the GAB equation and to find the GAB parameters also results different values. The parameter variation mainly depends on the initial values of the iteration process. [22] In food C typically has values between 7.1 and 30.8. [28] The higher the value of C fits more like type III isotherm. It determines the typical shape of the curve. Higher C value was obtained for the air-dried sample, and the lower one was for the vacuum-dried sample. In case of the vacuum dried yogurt, C value did not show any significant meaning. This is sometimes considered needed for mathematical compensation among the parameters in the GAB model, which is normal occurrence in the case of curve fitting procedures. The air-driedsample shows a sharp increase in the second part of the curve. The radius of curvature of the curve decreases with the increase in value of C, and it gives the typical shape of a type III sorption curve.
CONCLUSIONS
Difference in drying methods significantly influenced on the structural changes of dried yogurt sample at the molecular level. SEM pictures showed clearly the structural changes in four different drying methods. Crystalline nature of the dried product was not affected by the drying methods due to the lower drying temperature than the glass transition temperature of lactose. Even though all four method follows type III moisture sorption isotherm, vacuum drying showed more water sorption at a given water activity level. GAB model fitted well with more correlation coefficient. Structural changes in the molecular level did not affect the quantitative measurement of protein, fat, and polysaccharides of the dried yogurt. The microstructural changes in dried yogurt obtained from different drying methods were confirmed only through SEM pictures. Other analyses were not showing any clear differences. Therefore, at this point, further detailed study under SEM is needed to find the structural changes of food during processing. 
